There were many reports of longitudinal changes in the causative organisms of neonatal sepsis in Western countries but few in Asia. We aimed to study longitudinal trends in the epidemiology of neonatal sepsis at Seoul National University Children's Hospital (SNUCH), a tertiary center in Korea, and compared the results to previous studies of Western countries. The medical records of all of the neonates who were hospitalized at SNUCH from 1996 to 2005 with positive blood cultures were reviewed. We also compared the findings to previous 16-yr (1980)(1981)(1982)(1983)(1984)(1985)(1986)(1987)(1988)(1989)(1990)(1991)(1992)(1993)(1994)(1995). One hundred and forty-nine organisms were identified in 147 episodes from 134 infants. In comparison with the previous 16-yr studies, there was a decrease in the number of Escherichia coli infections (16.2% vs 8.7%: odds ratio [OR] 0.495; 95% confidence interval [CI], 0.255-0.962; P = 0.035), but an increase in Staphylococcus aureus (16.6% vs 25.5%: OR 1.720; 95% CI, 1.043-2.839; P = 0.033) and fungal infections (3.3% vs 18.7%: OR 6.740; 95% CI, 2.981-15.239; P < 0.001), predominantly caused by Candida species. In conclusion, the incidence of sepsis caused by E. coli decreases, but S. aureus and fungal sepsis increases significantly. Compared with Western studies, the incidence of sepsis caused by S. aureus and fungus has remarkably increased.
INTRODUCTION
Despite advances in perinatal care, neonatal sepsis is still a significant cause of morbidity and mortality in neonates. Over time, the causative organisms of neonatal sepsis has changed; thus, an institutional survey for infectious diseases is essential for the prevention and treatment of neonatal invasive infections. This is particularly important because regional differences in the specific causative organisms of neonatal sepsis have been previously reported (1) (2) (3) (4) . In the United States and European countries, the incidence of sepsis caused by group B Streptococcus (GBS) and Escherichia coli was decreased but the incidence of sepsis caused by coagulase negative Staphylococcus (CONS), Staphylococcus aureus and Candida species was increased (1, 4, (5) (6) (7) . Longitudinal changes in the incidence and etiology of neonatal sepsis has been well studied in North America and Europe, but not in many Asian countries.
The neonatal intensive care unit (NICU) at Seoul National University Children's Hospital (SNUCH), a tertiary NICU with 300-600 annual admissions, has run ongoing surveillance for neonatal sepsis since 1980. During that time, the NICU has gradually expanded, and severity of the patients increased.
In this report, we studied trends in the causative organisms of neonatal sepsis during 10 yr (1996-2005) , and compared these trends with the previous 16-yr (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) . We aimed to investigate a longitudinal change the causative organisms of neonatal sepsis in a tertiary center in Korea, and compared the results to previous studies of Western countries.
MATERIALS AND METHODS
Study population and microbiological tests SNUCH has a tertiary NICU and receives both inborn patients from high-risk pregnancies and patients transported nationwide. All of the patients with blood cultures positive for any microorganism were identified from a retrospective review of the computerized records and logbooks of the Clinical Microbiology Laboratory. The medical records of all of the neonates and infants who were inpatients in the NICU at SNUCH from 1996 to 2005 (Period III) with positive blood cultures were reviewed. In addition, the medical records of all of the neonates who were less than 30 days of age with positive blood cultures and who were hospitalized outside of the NICU at SNUCH during the same period were reviewed. The data were compared with previous 2-period (Period I: 1980 -1985 , Period II: 1986 -1995 .
Microorganism identification was performed with VITEK GPI card (bioMerieux, Hazelwood, MO, USA). The antibiotic susceptibilities of the microorganisms were determined using the National Committee for Clinical Laboratory Standards (NCCLS) disk-diffusion method.
Definition
Fever (hyperthermia) and hypothermia were defined as having a core temperature of > 38.0°C and < 36.5°C, respectively. Apnea and bradycardia were included as clinical sign of sepsis only when the episodes were newly developed or the frequency and duration of the episodes increased. Hypoglycemia and hyperglycemia were defined as having a blood glucose of < 40 mg/dL and > 140 mg/dL, respectively (1).
The criteria for the diagnosis of neonatal sepsis required isolation of the microorganism from a blood culture and at least one clinical sign or symptom. For instance, in cases that had microorganisms common in skin contamination (e.g., diphtheroids, Bacillus species, Propionibacterium species or micrococci), a definition of sepsis was defined by documentation of a sign or symptom such as a fever, hypothermia, apnea, bradycardia, hypoglycemia and hyperglycemia along with either pathogen isolation from two blood cultures drawn on separate occasions or at least one peripheral blood culture from a patient with a central venous catheter (8) . Sepsis of CONS was reviewed using criteria for the diagnosis of CONS defined by Bizzarro et al. (1) . Sepsis was classified as early onset (EOS, ≤ 4 days of life), late onset (LOS, 5-30 days) and late, late onset (LLOS, > 30 days) (1) .
A sepsis-related death was defined when death occurred within 7 days of a positive blood culture or when the clinical signs and symptoms of sepsis manifested (1) . Sepsis-related mortality was calculated with the numerator representing the number of episodes of sepsis.
Statistics
The results were analyzed using SPSS version 12.0 (SPSS, Inc., Chicago, IL, USA). A Student's t-test was used for comparison of the continuous variables. Pearson's chi-square test or Fisher's exact test (both two-sided) were used for comparison of the categorical variables when necessary. A value of P < 0.05 was considered to be statistically significant.
Ethics statement
The study protocol was approved by the institutional review boards of the Seoul National University Hospital (IRB No. H-0902-033-272). Informed consent was waived by the IRB.
RESULTS
During 10 yr (Period III; 1996-2005) of this study, there was a total of 13,742 live births and a total of 1,479 outborn neonates in SNUCH. The numbers of live births declined from a total of 1,888 in 1996 to a total of 1,001 in 2005. The inborn admission rate of extremely low birth weight (ELBW) infants (birth weight < 1,000 g) was 11.1 per 1,000 live births and the admission rate of infants weighing 1,000 g to 1,500 g was 19.4 per 1,000 live births.
A total of 502 blood cultures were positive from 310 patients. After a review of all 310 patients, 147 episodes were defined as neonatal sepsis from 134 patients. One hundred and twenty-six episodes (85.7%) occurred in patients who were in admitted to the NICU and 21 episodes occurred in patients who were admitted to the pediatric intensive care unit or pediatric wards. The percentage of male from all of the populations was 57.1%, the mean gestational age was 32 ± 5 weeks and the mean birth weight was 1,835 ± 1,113 g. The total sepsis rate of inborn neonates was 5.9 per 1,000 live births and infants with a lower birthweight had higher sepsis rates (Table 1 ). There were 12 sepsisrelated mortality cases and the overall mortality rate was 9.0% (12/134).
Apnea (19.7%) and fever (19.7%) were the most common symptoms of sepsis. There were significant differences in the symptoms of sepsis, based on the gestational age. Apnea and bradycardia were common in the total population, whereas fever was common only in the ≥ 32 weeks postmenstrual age (PMA) group, and hyperglycemia was more frequent in the < 32 weeks PMA group (Fig. 1) . Of the 147 episodes of neonatal sepsis, 90 (61.1%) episodes were in the inborn neonates and 57 (38.9%) episodes were in the outborn cases (Table 2) . Of the 90 episodes in the inborn neonates, 7 (7.8%) were EOS, 63 (70.0%) were LOS and 20 (22.2%) were LLOS (Table 2) . During the study period, 149 microorganisms were isolated from the 147 episodes of sepsis. Gram-positive bacteria accounted for 65 (43.6%), Gram-negative bacteria for 56 (37.6%), and fungus for 28 (18.8%) episodes. The common microorganisms found were S. aureus (n = 38, 25.5%), Candida species (n = 25, 16.8%), Klebsiella pneumoniae (n = 19, 13.4%), E. coli (n = 13, 8.7%) and CONS (n = 12, 8.1%) ( Table 2 ). There were two episodes of mixed infections. One mixed infection was the EOS of CONS with Enterococcus faecium and the other mixed infection was the LOS of CONS with Candidia albicans. EOS in inborn neonates included 8 cases and had no GBS cases and no predominant microorganisms. The most common microorganism of 63 LOS cases was Candida species (n = 17, 26.6%) followed by S. aureus (n = 15, 23.4%) and K. pneumoniae (n = 8, 12.5%). There were 20 episodes of LLOS, and the predominant microorganisms were S. aureus (n = 6, 30.0%) and K. pneumoniae (n = 5, 25.0%). There were 57 episodes of neonatal sepsis in outborn neonates and the most common causative organism was S. aureus (n = 16, 28.1%). Most of the S. aureus isolates (36/38) were methicillin-resistant and all of the CONS isolates were methicillin-resistant. There were two episodes of mixed infections. Fig. 2 shows the overall trend in sepsis cases over 26 yr in SNUCH. During the 26 yr, S. aureus was the most common causative organisms of neonatal sepsis. Compared to the decade just before the study period, the incidence of sepsis caused by S. aureus (Period I + II vs Period III: odds ratio [OR] 1.720; 95% confidence interval [CI], 1.043-2.839; P = 0.033) and fungus (Period I + II vs Period III: OR 6.740; 95% CI, 2.981-15.239; P < 0.001) were increased, but the incidence of sepsis caused by E. coli (Period I + II vs Period III: OR 0.495; 95% CI, 0.255-0.962; P = 0.035) was decreased (Table 3) .
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DISCUSSION
The reported incidence of neonatal sepsis varies from 2.8 to 8.1 cases per 1,000 live births (9) (10) (11) . The inborn neonatal sepsis rate for a recent 10-yr period at our center was 5.9 cases per 1,000 live births, and this result is similar to of the Yale New Haven Hospi- tal (7.1 cases per 1,000 live births) (1). For the last 10 yr, most of the cases of inborn neonatal sepsis were LOS. There were only 7 (8.0%) cases of EOS out of 88 inborn neonatal sepsis cases at SNUCH. In Korea, the estimated incidence of GBS infection in newborns has been much lower than in other countries (12) , due to the low prevalence rate of GBS colonization in pregnant women (13, 14) . In fact, there were only 3 GBS sepsis cases in our study and all of these cases were outborn and LOS. This result might contribute to Korea's lower incidence of EOS compared to other countries (1, 15) .
Apnea, bradycardia, hyperglycemia and fever were common symptoms in neonates with sepsis. Apnea, bradycardia and hyperglycemia were more common in PMA < 32 weeks neonates. In contrast, a fever was more common symptom in PMA ≥ 32 weeks neonates. These results indicate that very preterm infants (< 32 weeks of PMA) with sepsis tend to show non-specific symptoms rather than a typical infection sign such as a fever. Therefore, careful evaluation of clinical status is important for the early detection of infectious disease in preterm infants.
The common causative organisms of neonatal sepsis were S. aureus, Candida species, K. pneumoniae, E. coli and CONS. Compared to other studies from Korea, the frequency of CONS and GBS was lower, but the frequency of Klebsiella species and Candida species was higher (15) (16) (17) . These results may be due to the differences of characteristics of patients, policy of antibiotic uses and normal flora. Furthermore, our reports revealed that most S. aureus and CONS isolates were methicillin-resistant. This result reflects the observation that S. aureus and CONS colonization of infants hospitalized in the NICU was very prevalent. A higher rate of methicillin-resistant Gram-positive organism colonization in NICU infants has recently emerged worldwide, and is the major cause of neonatal blood-stream infections. A chemotherapeutic strategy for neonatal sepsis should be re-evaluated and the appropriate use of antibiotics must be re-emphasized. Prophylactic use of antibiotics and broad-spectrum antibiotics use should be minimized (18) .
In comparison with previous data from our institution, the number of cases of E. coli was reduced, but the number of cases of S. aureus and fungal infections were increased (Fig. 2, Table 3 ) (19) . This decline in E. coli cases and the increase in fungal cases is similar to other reports (1, 4-7, 20, 21) . Previous studies have shown that the rising incidence of fungal infections is related to a higher survival rate of VLBW infants and an increase in the incidence of prolonged use of broad-spectrum antibiotics (22) (23) (24) (25) . Over the last 10 yr, the Korean birth rate has decreased but the birth rate of preterm infants has increased. In SNUCH, the total number of preterm infants has increased and the infant survival rate has improved dramatically over the last 10 yr. A higher incidence of catheter uses, a longer duration of TPN uses and a longer duration of antibiotics uses were associated with an increased survival rate of the VLBW infants especially the ELBW infants. Several studies have revealed that low birth weight and prematurity are significant risk factors for neonatal sepsis (26, 27) . In addition, our studies have shown that the inborn sepsis rate in infants with a birth weight < 1,500 g (152.4 cases per 1,000 live births) was 84.7 times higher than that in infants with a birth weight ≥ 1,500 g (1.8 cases per l,000 live births). An increased fungal sepsis rate was associated with an increased survival of ELBW infants, resulting in a longer hospital stay. We also experienced an increased fungal sepsis rate over the study period. We recently introduced 'fluconazole prophylaxis' in the ELBW infants after the study period (28) . Following this introduction, the fungal sepsis rate found in our institution dramatically decreased (data not shown). However, this result needs careful interpretation because it might be due to a lowering of the overall sensitivity of microbiological culture for the detection of fungi in the blood, urine or cerebrospinal fluid (29) .
Compared to studies from Finland and the United States, the frequency of GBS, CONS, and E. coli was lower, but the frequency of Klebsiella species, Pseudomonas species, and Candida species was higher (1, 4) . These findings again emphasize the regional difference of sepsis-causing organisms and the importance of the establishment of a suitable strategy to diagnose neonatal sepsis by region. The longitudinal trends of decreased incidence of E. coli sepsis were comparable with Western studies. But our study showed increased incidence of sepsis caused by S. aureus and strikingly increased incidence of fungal sepsis, predominantly caused by Candida species (1, 4, 30 ).
In conclusion, the incidence of sepsis caused by E. coli decreases, but S. aureus and fungal sepsis increased significantly. In contrast to Western studies, our study showed a higher rate of sepsis caused by S. aureus and Klebsiella species, and a lower rate of sepsis caused by CONS and GBS (1, 4) . In addition, the incidence of sepsis caused by S. aureus and fungus has remarkably increased (1, 4, 30) .
